Living and dying for sex. A theory of aging based on the modulation of cell cycle signaling by reproductive hormones.
A mechanistic understanding of aging has yet to be described; this paper puts forth a new theory that has the potential to explain aging in all sexually reproductive life forms. The theory also puts forth a new definition of aging - any change in an organism over time. This definition includes not only the changes associated with the loss of function (i.e. senescence, the commonly accepted definition of aging), but also the changes associated with the gain of function (growth and development). Using this definition, the rate of aging would be synonymous with the rate of change. The rate of change/aging is most rapid during the fetal period when organisms develop from a single cell at conception to a multicellular organism at birth. Therefore, 'fetal aging' would be determined by factors regulating the rate of mitogenesis, differentiation, and cell death. We suggest that these factors also are responsible for regulating aging throughout life. Thus, whatever controls mitogenesis, differentiation and cell death must also control aging. Since life-extending modalities consistently affect reproduction, and reproductive hormones are known to regulate mitogenesis and differentiation, we propose that aging is primarily regulated by the hormones that control reproduction (hence, the Reproductive-Cell Cycle Theory of Aging). In mammals, reproduction is controlled by the hypothalamic-pituitary-gonadal (HPG) axis hormones. Longevity inducing interventions, including caloric restriction, decrease fertility by suppressing HPG axis hormones and HPG hormones are known to affect signaling through the well-documented longevity regulating GH/IGF-1/PI3K/Akt/Forkhead pathway. This is exemplified by genetic alterations in Caenorhabditis elegans where homologues of the HPG axis pathways, as well as the daf-2 and daf-9 pathways, all converge on daf-16, the homologue of human Forkhead that functions in the regulation of cell cycle events. In summary, we propose that the hormones that regulate reproduction act in an antagonistic pleiotrophic manner to control aging via cell cycle signaling; promoting growth and development early in life in order to achieve reproduction, but later in life, in a futile attempt to maintain reproduction, become dysregulated and drive senescence.